ABSTRACT The current study was carried out to investigate the consequences of mannan-oligosaccharides (MOS), a prebiotic, as feed supplement on biochemical parameters of Japanese quail breeders (Coturnix coturnix japonica). Twelve-week-old, 960 birds, belonging to 4 close-bred flocks (CBF), were randomly selected and divided into 4 treatment groups with 3 replicates according to pattern (4 strains × 4 treatment groups × 3 replicates). Birds were fed corn-based basal diet or the same diet supplemented with 0.25, 0.50, and 1.0% MOS for 15 wk. After termination of the experimental trial, samples of blood were taken from randomly selected 3 birds/replicate (1♂ and 2♀) and processed for serologic analysis. The statistical analysis was performed by applying 2-way analysis of variance. The serum concentrations of total proteins, globulin, high-density lipoprotein, and tri-iodothyronine (T 3 ) of Japanese quail breeders were significantly (P < 0.05) higher in MOS-supplemented groups than that of control group; however, triglycerides were decreased significantly (P < 0.05) by MOS supplementation in female birds. Estrogen level in male birds was significantly (P < 0.05) different; however, non-significant differences were recorded in thyroxine (T 4 ), progesterone, alanine aminotransferase, aspartate aminotransferase, glucose, albumin, cholesterol, and low-density lipoprotein concentrations in all feeding groups. The significant differences in biochemical parameters by feeding MOS-supplemented diets strengthened our hypothesis that the use of MOS may positively affect the health of Japanese quail breeders.
INTRODUCTION
Feed supplements are extensively applied in little amounts in animals feed to increase the growth performance and economic efficiency (Namur et al., 1998) . In 2006, the ban was imposed by the European Union for using the antibiotic growth promoters (AGP) in the diet of poultry as well as farm animals. Consequent upon this ban, prebiotics, probiotics, and synbiotics appeared as alternatives to AGP (Patterson and Burkholder, 2003; Shashidhara and Davegowda, 2003) .
Among prebiotics, mannan-oligosaccharides (MOS) are being used as an alternative to AGP in animal diets (Roberfroid, 2007) . Chemically, MOS are glucomannoprotein complexes that are obtained from yeast cell wall (Saccharomyces cerevisiae) through centrifugation of lysed yeast culture (Spring et al., 2000; Lomax and Calder, 2009 ). The modes of actions of MOS are to transform microflora of intestine, improvement in the health of gastrointestinal tract, enhancement in the digestion and absorption of nutrients, and has the tendency to increase immunity of the host (Halas and Nochta, 2012) . They provide competitive binding sites for pathogens such as Salmonella and Escherichia coli with mannose-specific type 1 fimbriae and reduce their attachment with intestinal wall and in this way the pathogens are ultimately egested from the gut (Newman, 1994) . MOS supplementation constantly increases the intestinal populations of beneficial Lactobacillus and Bifidobacterium spp. (Yang et al. 2008; Rehman et al., 2009 ). Due to these useful changes in microflora of gastrointestinal tract, number of goblet cells and length of intestinal villi increases that ultimately promotes health and function of hosts' gut (Bonos et al., 2010; Vahdatpour et al.,2011) .
The MOS supplementation has proven to have a positive effect on serologic profile of poultry birds (Yalçinkaya et al., 2008; Abd-El-Samee et al., 2013) . However, quite meager literature is available regarding effects of MOS on serum biochemical profile of Japanese quail breeders. Therefore, this study is planned to assess the effect of MOS supplementation on serum biochemistry of 4 close-bred flocks (CBF) of Japanese quail breeders and to investigate the most feasible strain of 3718 Japanese quail in terms of better breeding production in Pakistan.
MATERIALS AND METHODS

Experimental Design
About 12-wk-old, 960 birds belonging to 4 CBF of Japanese quail breeders, namely Major, Kaleem, Sadat, and Zahid, were randomly selected and divided into 4 treatment groups (n = 60) (group A, B, C, and D) with 3 replicates (n = 20) according to pattern (4 strains × 4 treatment groups × 3 replicates). All birds were raised in multideck cages with photoperiod of about 16 h. The corn-based basal feed was formulated by Hi-Tech Feed Industries (Pvt.) (Lahore, Pakistan) in agreement with NRC (1994) and comprised of 2,900 kcal/kg metabolizable energy (ME), 20% crude protein (CP), 3% calcium (Ca), and 0.4% phosphorus (Table 1 ). All experimental birds were given corn-based basal diet with addition of 0.25% MOS for group A, 0.50% MOS for group B, and 1.0% MOS for group C. The group D birds were considered as control and given only basal diet. Birds could feed quail breeder ration and drink water ad libitum for the period of 15 wk.
Sample Collection and Analyses of Serologic Parameters
After termination of the trial, 3 birds/replicate (1♂ and 2♀) were collected randomly for blood sampling. Blood samples were collected from jugular vein of each bird (total = 144) in sterile tubes and transferred to laboratory for further processing. The blood sera of the collected samples were separated by centrifugation at 3,000 rpm for 10 min and poured into aseptic vials and stored at −20
• C in deep freezer for further analysis. The serum glucose concentrations, total proteins, albumin, globulin, lipids, and liver enzymes such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined according to Borges et al. (2005) using available commercial diagnostic kits. Absorbance was recorded by chemistry analyzer (Fortress-200, UK); however, hormones such as tri-iodothyronine (T 3 ), thyroxin (T 4 ), estrogen, and progesterone were analyzed by Biochrom Anthos-2010 microplate reader (Biochrom Ltd). Total proteins and albumin were assessed by following Doumas et al. (1971) and Kaplan and Szalbo (1983) , whereas the concentration of globulin was determined by subtracting the total proteins and albumin concentrations. Glucose was calculated following the method as described by Trinder (1969) , and cholesterol was measured according to Schalm et al. (1975) .
The GOD-PAP (liquid stable) procedure was used to measure serum glucose and cholesterol concentrations, whereas the Biuret method was applied for total proteins. Albumin was quantified by the bromocresol green method and triglyceride by the GPO-PAP mono-liquid method using the diagnostic kits (Fortress Diagnostics Limited). Similarly, concentration of serum high-density lipoproteins (HDL) was determined by the CHOD-PAP method using diagnostic kits of Randox (Randox Laboratories Limited) and low-density lipoproteins (LDL) was calculated by the following formulae:
Serum concentrations of ALT and AST (U/L) were determined by the IFCC-UV kinetic method, recognized by International Federation of Clinical Chemistry using available commercial diagnostic kits (Fortress Diagnostics Limited) and concentrations of T 3 (ng/dL), T 4 (ug/mL), estrogen (pg/mL), and progesterone (ng/mL) by enzyme immunoassay test kits (BioCheck, Inc.).
Statistical Analysis
The data were analyzed according to completely randomized design under factorial arrangement using general linear model procedures. Means were separated out using Duncan's multiple range test (Duncan, 1955) with the help of SAS 9.1 (SAS Institute Inc.) for windows (Cary, 2002) . Differences between means were considered significant at P < 0.05.
RESULTS
Serum Concentrations of Glucose and Total Proteins
The results indicated that non-significant differences were found in serum glucose level in MOSsupplemented and control groups. Furthermore, no change was recorded among CBF and in relations between CBF and MOS levels. However, concentration of total proteins significantly differed in MOSsupplemented and control groups in female birds, without changing in male birds. The highest level of total proteins was recorded in female birds of group A and the lowest in group C. No difference was noted in concentration of total proteins among CBF; however, in interactions between CBF and MOS levels in females, it differed significantly with the highest level in Kaleem flock of group A and the lower level in Zahid flock of group B (Table 2) .
Non-significant differences in serum albumin were recorded in MOS-supplemented and control groups, and in interactions between CBF and MOS levels. However, among males of CBF it was different Different alphabets (a, b) on means ± SEM show significant differences at P < 0.05; order of significance is as:
significantly. Globulin level was differed significantly in MOS-supplemented and control groups in female birds, whereas no change was found in male birds. The highest globulin level was recorded in female birds of group A and the lowest in those of group C. Serum globulin remains unchanged statistically among CBF; however, in interactions between CBF and MOS levels in females, it varied significantly. Globulin level was significantly higher in Zahid flock of group A compared to other groups, whereas somewhat lower in group B of the same flock (Table 3) .
Serum Concentrations of Lipids
The non-significant differences were noted in serum cholesterol level between different treatment groups, among CBF, and in interactions between CBF and MOS levels. However, the level of triglycerides differed significantly in MOS-supplemented and control groups in female birds, whereas no change was seen in male birds. The highest level of triglycerides was recorded in female birds of group D and the lowest in those of group A. Serum triglycerides remained unchanged Different alphabets (a, b) on means ± SEM show significant differences at P < 0.05; order of significance is as:
statistically among CBF; however, in interactions between CBF and MOS levels it varied significantly only in female birds. The concentration of triglycerides was higher significantly in group A of female birds of Sadat flock and lower in Kaleem flock of group C (Table 4) . The significant differences were observed in HDL level in females of all treatment groups as well as control group. However, HDL level of feeding group was highest than group B, C, and D. Among male quails, nonsignificantly higher HDL level was recorded in group A compared to other MOS-supplemented groups and the lowest HDL value was found in birds of group D. Among females, HDL level was significantly higher in group A compared to group D. Non-significant alterations were recorded in HDL level among CBF. However, significant differences were recorded in female birds in HDL level in relations between CBF and MOS levels. HDL concentration was higher significantly in Zahid flock birds of group A and lower in Sadat flock control group. Non-significant differences in serum LDL level were observed in MOS-supplemented and control groups among CBF and in interaction between CBF and MOS levels (Table 5) .
Serum Concentrations of ALT and AST
Serum concentrations of ALT and AST remained unchanged statistically in MOS-supplemented and control groups, among CBF, and in interaction between CBF and MOS levels (Table 6 ).
Serum Concentrations of T 3 and T 4
The significant differences in serum concentrations of T 3 in female birds were recorded in different treatment groups. However, no significant change in T 3 level was recorded among male birds. Among female birds, T 3 level was significantly higher in group B associated with control group. There was a non-significant difference in T 3 level among CBF and in interactions between CBF and MOS levels. Serum T 4 level was non-significantly different in MOS-supplemented and control groups and among CBF, and differed significantly in interactions between CBF and MOS levels. Significantly higher T 4 concentration was recorded in male birds of group C of Sadat flock associated to other groups and lower in control of the similar flock (Table 7) .
Serum Concentrations of Estrogen and Progesterone
Among male quails, serum estrogen concentration was higher significantly in control group as compared to MOS-supplemented groups A and C. Furthermore, non-significant changes were observed in estrogen level among male birds of CBF and in interactions between CBF and MOS levels. Non-significant differences were noted in estrogen level of female quails in CBF and treatment groups. Among female birds, in interactions between CBF and MOS levels, significantly higher estrogen level was recorded in Sadat flock of group B and lower in group C of Zahid flock (Table 8) . Progesterone level did not display significant change among CBF and treatment groups; however, it differed significantly among interactions between CBF and MOS levels in birds of both sexes. In male quails, progesterone level was higher significantly in group B of Sadat flock and also lowers in control group. However, in female birds, progesterone level was higher significantly in group B of Kaleem flock birds whereas lower in control birds of Sadat flock (Table 8) .
DISCUSSION
Serum Concentrations of Glucose and Total Proteins
In the current study, non-significant changes in serum glucose concentration of MOS-supplemented groups compared to control group were in agreement with the results of Konca et al. (2009) , who described that MOS supplementation did not influence serum glucose level of turkeys. In contrast to our findings, Speranda et al. (2008) reported that Bio-Mos-supplemented diet increase glucose concentration in pheasant chicken compared to control group. Similar results were also reported in laying hens by Bozkurt et al. (2012) .
The total protein and globulin concentrations in serum were higher significantly at lower level (0.25% MOS) compared to higher MOS level (1.0% MOS and 0.50% MOS) and did not differ with control group (0.00% MOS) in female birds that might be due to facts that the high concentrations of MOS are not as much effective as low concentration as in previous studies, and 0.25% MOS and 0.50% MOS-supplemented diets fed quails showed the best productive and reproductive performance compared to 0.10% MOS (Iqbal et al., 2014 (Iqbal et al., , 2015 (Iqbal et al., , 2017a (Iqbal et al., , 2017b . Our results were in accordance with the findings of Hanan (2010) , who worked on Japanese quail breeders and explained that treatment groups fed with diet containing 14.75% CP+0.1% MOS and 13.25% CP+0.1%MOS exhibited the highest value of serum total proteins and albumin than other treatment groups. Our findings were also consistent with the findings of Abd-El- Samee et al. (2013) , who reported that MOS and Bioplex zinc supplementation significantly increases total proteins of plasma compared to control group.
In contrast, these findings were not supported by some earlier researchers, who reported that MOS supplementation did not affect the levels of serum albumin and total proteins significantly in turkeys (Konca et al., 2009) , in cockerel chicks (Bolu et al., 2009) , and in Japanese quail broilers (Ibrahim, 2011) . However, the findings of these researchers also supported our results regarding serum albumin level that is not significantly influenced by MOS supplementation.
Serum Concentrations of Lipids
The serum concentration of cholesterol was not affected significantly by MOS supplementation. These results were in accordance with the findings of Bozkurt et al. (2012) , who did not find any change in serum cholesterol of Japanese quails by MOS supplementation. In another study by Ibrahim (2011) , MOS supplementation did not affect serum cholesterol level of Japanese quail broilers significantly. Similarly, Tarasewicz et al. (2004) could not attain significant serum cholesterol lowering effects in Pharaoh quails by feeding oligosaccharides-supplemented diet. Konca et al. (2009) observed non-significant effects of MOSand yeast-supplemented diet on the serum constituents of turkeys and reported that MOS did not influence serum cholesterol. In contrast to our findings, Sohail et al. (2010) reported that serum cholesterol level of MOS-supplemented groups of heat-stressed broilers was significantly lower compared to other treatment groups that might be due to heat effects on lipid metabolism.
In our study, the serum concentration of triglycerides decreased significantly by MOS supplementation in female quail breeders compared to those of control group. Reduction of triglycerides might be due to increased populations of Bifidobacteria and Lactobacillus spp. that produced lactic acid in gut by MOS supplementation. These bacteria promote lactic acid fermentation in the gut that ultimately reduces serum triglycerides (Konca et al., 2009) . Khaksar et al. (2008) also showed significant reduction of serum triglycerides by prebiotics supplementation. Bozkurt et al. (2012) worked on the laying hens and found a slight decrease in triglycerides. However, Speranda et al. (2008) reported that Bio-Mos (2 g/kg feed)-supplemented diet increases triglycerides concentration in pheasant chicken compared to control group.
The non-significant changes in LDL and significant changes in HDL levels were consistent with the findings of other researchers. Stanley et al. (2000) , Kannan et al. (2005) , and Khalaji et al. (2011) publicized that MOS supplementation did not affect HDL and LDL levels significantly in broilers and turkeys (Konca et al., 2009 ). Significant changes in HDL levels in current study might be due to elaborating effect of MOS on synthesis and liberation of short chain fatty acids which ultimately keep significant influence on serum HDL. Table 6 . Mean values of serum ALT and AST of Japanese quail breeders fed diet supplemented with different levels of MOS. 
Serum Concentrations of ALT and AST
In this study, non-significant changes in liver enzymatic level were noted in MOS-supplemented groups of quails. Non-significant changes in serum concentrations of ALT and AST by MOS supplementation attributed to the fact that MOS exert no stress and damage of liver, so safer for better growth performance of birds (Abd El-Azeem, 2002) . Similar findings regarding non-significant changes by MOS supplementation have been reported by various researchers in different farm birds (Ç akir et al., 2008; Ibrahim, 2011; Sohail et al., 2011; Abd-El-Samee et al., 2013) . Contrarily, our results did not support the outcomes of Yalçinkaya et al. (2008) , who observed significant reduction of ALT and AST in serum concentrations in Ross broilers by MOS supplementation that might be due to difference age factor, as during early age, effects of MOS supplementation are more prominent.
Serum Concentrations of T 3 and T 4
Significantly higher serum T 3 levels in MOSsupplemented groups in female birds compared to those of control group are inconsistent with the findings of Abd-El- Samee et al. (2013) , who reported that supplementation of MOS or Bioplex zinc did not affect plasma T 3 concentration in Japanese quail breeders. In another study, Sohail et al. (2010) reported that MOS supplemented diet did not significantly affect T 3 in heat-stressed broilers. In our study, non-significant effects of MOS supplementation on serum T 4 level of Japanese quail breeders were opposed with the findings of Sohail et al. (2010) , who reported that MOSsupplemented diet significantly increase serum T 4 level that might be due to difference in environmental conditions, as Sohail et al. (2010) worked in heat-stressed conditions.
Serum Concentrations of Estrogen and Progesterone
In male birds, estrogen level was significantly different in MOS-supplemented and control groups; however, no change was recorded in female breeders. Nonsignificant difference in serum progesterone level was recorded in MOS-supplemented and control groups. The relevant literature on these lines is not available or rather scattered. So, the data may serve as basis of such parameters for these birds.
Conclusions
In the present study, various serologic indicators like reduction in serum triglycerides and increase in HDL depicted that provision of MOS-supplemented diet yielded improved health profile of Japanese quail breeders. In this study, none of the strain has shown the striking characteristics in terms of health promoting blood parameters, so these environmental conditions may support equally to promote any of the selected strain of quails. This study provides valuable baseline data on the effects of prebiotics (MOS) for enhancing production of farm birds. In addition, this study provokes the importance and implication of serologic tools to investigate impacts of various feed ingredients.
